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Engineering  Host Defense Regulatory Genes For Enhancing Resistance to Soybean Aphid (Aphis glycines 
Matsumura) 
Xayadeth Chanthavane, Punya Nachappa and Vamsi Nalam   
Department of Biology, Indiana University-Purdue University Fort Wayne, Fort Wayne, IN 46805 
            The soybean aphid (SBA, Aphis glycines is the most important 
arthropod pest on soybean in North America. It is an exotic pest that was 
first isolated in 2000 in the U.S (Ragsdale et al. 2011).  
• SBA are specialists and are phloem-feeding insects 
INTRODUCTION 
• In the past, soybean aphid infestations have resulted in yield losses of up to 40% 
(Ragsdale et al. 2011) 
• SBA cause additional yield losses due to transmission of various economically 
important viruses  
• Soybean mosaic virus, Alfalfa mosaic virus, Bean Yellow Mosaic, Peanut Mottle, 
Peanut Stunt and Peanut Stripe. 
Current Management Strategies 
• Scouting - To determine if aphid populations have reached economic threshold of 250 
aphids/plant 
• Drawback – Time consuming 
• Insecticide application – As foliar spray and as seed treatment 
• Drawback – Expensive, environmentally harmful and efficacy of seed treatment 
usually does not last until SBA infestation (Ragsdale et al. 2011; McCarville and 
O’Neal 2013) 
• Breeding for resistance – Commercial cultivars with resistant genes 
• Drawback – Aphid biotypes have emerged that overcome resistance (Alt and Ryan-
Mahmutagic 2013) 
OBJECTIVE 
Development of transgenic soybean constitutively over-expressing PAD4 gene 
to aid in the management of soybean aphid 
Alternative Approach to control Soybean Aphids 
• Genetic engineering of regulatory genes controlling expression of plant defenses 
provides broad-spectrum and durable resistance coupled with lack of detrimental 
effects on crop yield and plant traits (Gust et al 2010) 
 
• PHYTOALEXIN DEFICIENT4 (PAD4) is one such important defense regulator  
• Involved in defense against a broad spectrum of pathogens including bacteria 
(Feys et al. 2005), viruses (Zhu et al. 2011), aphids (Pegadaraju et al. 2005) and 
nematodes (soybean cyst and root-knot nematodes; Youssef et al. 2013) 
• Enhances resistance to a fungal pathogen in transgenic wheat plants that 
overexpress PAD4 (Fig. 1 from Nalam et al, 2014) 
Figure 1. Expression of PAD4 in wheat enhances resistance to a wheat fungal pathogen 
(Fusarium graminearum) 
METHODS 
    Plant, insect and virus source : Soybean variety AG3432 was used for all experiments. 
Plants were grown at 24 ± 1oC and 16:8 hours (light: dark cycle).  
    Experimental Design: The experiment design consisted of two plant variables - 1) plants 
that were infested with 10 SBA and 2) plants that were not infested with SBA(Control ) 
    Gene Expression Analysis: Plant tissues were collected at six sampling time points – 0h, 
3h, 6h, 12h, 24h, and 48h post-release of aphids.  Plant RNA was extracted following 
Trizol® extraction method. The quality and quantity of the RNA was verified using a 
Nanodrop® Spectrophotometer. The DNA-free RNA was used for complementary DNA 
(cDNA) synthesis and gene expression analysis using reverse-transcriptase-Polymerase 
Chain Reaction (RT-PCR). 
RESULTS 
IDENTIFICATION OF SOYBEAN PAD4 HOMOLOG 
SOYBEAN PAD4 IS INDUCED IN RESPONSE TO APHID FEEDING 
GENERATION OF PAD4 OVEREXPRESSORS 
Figure 2. Protein sequence alignment of the coding region of the PAD4 gene from soybean 
and Arabidopsis. *, identical amino acid residues aligning in both sequences, :, different but highly 
conserved amino acids, ., different amino acids that are somewhat similar aligning in both sequences, -, this 
column of the alignment contains dissimilar amino acids or gaps. 
The sequence information available for 
Arabidopsis PAD4 was used to identify the 
soybean homolog  
(blastp - http://blast.ncbi.nlm.nih.gov/) 
 
The amino acid sequence of Arabidopsis 
PAD4 shares 42% identity with soybean PAD4 
indicating moderate homology. 
RESULTS 
REFERENCES 
Alt, J, and Ryan-Mahmutagic, M. (2013). Crop Sci. 53, 1491-1495. 
Feys, BJ, Wiermer, M, Bhat, RA, Moisan, LJ, Medina-Escobar, N, Neu, et. al. (2005). Plant Cell 17, 2601-2613. 
McCarville, M. T., and M. E. O'Neal. (2013).  J. Econ. Ent. 106: 1302-1309. 
Nalam, V.J., Makandar, R., Trick, H.N. and Shah, J. (2014). Mol. Plant. Interact. Under Review 
Pegadaraju, V, Knepper, C, Reese, J, and Shah, J. (2005). Plant Physiol. 139, 1927-1934. 
Ragsdale, DW, Landis, DA, Brodeur, J, Heimpel, GE, and Desneux, N. (2011). Annu. Rev. Entomol. 56, 375-399. 
Santarém, ER, and Finer, JJ. (1999). In Vitro Cell. & Dev. Biol. 35, 451-455. 
Youssef, RM, MacDonald, MH, Brewer, EP, Bauchan, GR, Kim, K-H, and Matthews, BF. (2013). BMC Plant Biol. 13, 67. 
ACKNOWLEDGEMENTS 
We would like to acknowledge Dr. Christian Krupke, Department of Entomology, Purdue 
University for providing the soybean seeds. We would also like to thank Dr. John Finer, The 
Ohio State University for providing us with the soybean plant transformation vector, pHG1. 
Figure 3.  Expression of soybean PAD4 in leaves of SBA infested plants. hpi: hours post 
infestation. EF1α: used as control to indicate uniform loading in the gel.  
Figure 4. Steps involved in the development of transgenic soybean plants that that 
constitutively over-express PAD4 (detailed protocol available in Santarém and  Finer, 1999). 
CONCLUSION AND  EXPECTED OUTCOME 
In agreement with reports from other plant-pathogen systems, our data indicates that 
soybean PAD4 is indeed induced by aphid feeding. We hope to develop soybean plants 
with enhanced resistance to not only the soybean aphid but also against other pathogens 
particularly the root knot and soybean cyst nematodes.  
• Soybean PAD4 gene will be cloned and 
inserted into a plant over-expression 
vector, pHG1 (Step 1, Fig. 4).  
• The pHG1 vector carrying the PAD4 gene 
will be introduced into soybean plants by 
particle bombardment (Steps 2 &3, Fig. 4).  
• Transgenic plants carrying the PAD4  will 
be screened for and whole plants 
regenerated using tissue culture (Steps 2 
&3, Fig. 4).  
• At least 5 independent transgenic plants 
will be evaluated for resistance to SBA in 
greenhouse trials (Steps 4&5, Fig. 4)  . 
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